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(57) ABSTRACT 

The invention provides isolated nucleic acids molecules, 
designated retinitis pigmentosa (“rp”) nucleic acid 
molecules, Which encode polypeptides involved in the regu 
lation of sensory functions, e.g., retinal functions, e.g., 
functions of the rod and cone photoreceptor cells of the 
retina, body Weight, and/or metabolic functions. The inven 
tion also provides antisense nucleic acid molecules, expres 
sion vectors containing rp nucleic acid molecules, host cells 
into Which the expression vectors have been introduced, and 
nonhuman transgenic animals in Which an rp gene has been 
introduced or disrupted. The invention still further provides 
isolated rp polypeptides, fusion proteins, antigenic peptides, 
and anti-rp antibodies. Diagnostic, screening, and therapeu 
tic methods utilizing compositions of the invention are also 
provided. 
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RP COMPOSITIONS AND DIAGNOSTIC 
USES THEREFOR 

RELATED APPLICATIONS 

This application is a divisional application of Ser. No. 
08/847,040 ?led on May 1, 1997, noW pending, Which in 
turn is a continuation-in-part application of Ser. No. 08/697, 
766 ?led on Aug. 29, 1996, Which is a continuation-in-part 
application of Ser. No. 08/631,200 ?led on Apr. 12, 1996, 
now US. Pat. No. 5,646,040. The contents of all of the 
aforementioned application(s) are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

Retinitis pigmentosa (alternatively referred to herein 
using its full name or the abbreviation “RP”) is a group of 
human hereditary retinal degenerations Which are named for 
the characteristic intraretinal pigment Which appears around 
the mid-peripheral retina of individuals With RP (Berson, E. 
L. (1996) PNAS 93:4526—4528). Individuals With RP suffer 
from degeneration of photoreceptor cells Which in turn leads 
to various clinical features Which are common among these 
individuals. For example, RP results in night blindness, 
gradual loss of peripheral visual ?eld, and eventual loss of 
central vision. In typical cases, rod photoreceptors are more 
severely affected early in the disease, hence the early symp 
tom of night blindness. Later in the disease, cone photore 
ceptors degenerate. Most cases of RP have no eXtraocular 
abnormalities. In a minority of families, hoWever, RP is 
associated With other disease manifestations such as hearing 
loss in Usher syndrome, polydactyly, obesity, 
hypogonadism, mental retardation in Bardet-Biedl 
syndrome, and cardiac conduction defects in Keams-Sayre 
syndrome. Dryja, T. P. and Li, T. (1995) Human M01. Genet. 
4:1739—1743. 

RP can be inherited by an autosomal dominant, autosomal 
recessive, X-linked, or digenic mode (KajiWara, K. et al. 
(1994) Science 264:1604—1608). Substantial genetic hetero 
geneity has been observed in this condition, With over 20 
loci mapped (Dryja, T. P. and Li, T. (1995) Human M01. 
Genet. 4:1739—1743; Daiger, S. P. et al. (1995) Behav. Brain 
Sci. 18:452—467). Mutations have been identi?ed in seven 
genes Which map to seven different chromosomes 
(KajiWara, K. et al. (1994) Science 264:1604—1608; Dryja, 
T. B. et al. (1990) Nature 343:364—366; Farrar, G. J. et al. 
(1991) Nature 354::478—480; KajiWara, K. et al. (1991) 
Nature 354:480—483; McLaughlin, M. E. et al. (1993) 
Nature Genet. 4:130—133; Dryja, T. P. et al. (1995) PNAS 
92:10177—10181; Huang, S. H. et al. (1995) Nature Genet. 
11:468—471; Bascom, R. A. et al. (1995) Human M01. Genet. 
4:1895—1902; Weil, D. et al. (1995) Nature 374-60—61). 
Four of these genes encode proteins in the rod phototrans 
duction cascade-namely rhodopsin (mapped to chromo 
somes 3q21—q24 (autosomal dominant, autosomal 
recessive)), the 0t and [3 subunits of rod cGMP phosphodi 
esterase (mapped to chromosomes 5q31.2—q34 (autosomal 
recessive), and 4p16.3 (autosomal recessive), respectively)), 
and the rod cGMP cation-gated channel protein 0t subunit 
(mapped to chromosome 4p14—q13 (autosomal recessive)) 
(Berson, E. L. (1996) PNAS 93:4526—4528; Dryja, T. P. and 
Li, T. (1995) Human M01. Genet. 4:1739—1743). TWo of 
these genes, peripherin/RDS (mapped to chromosome 
6p11.2—p21.1 (autosomal dominant, autosomal recessive)) 
and rod outer segment membrane protein 1 (mapped to 
chromosome 11q13 (digenic)), encode proteins involved in 
maintaining photoreceptor outer segment disc structure 
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2 
(Berson, E. L. (1996) PNAS 93:4526—4528; Dryja, T. P. and 
Li, T. (1995) Human M01. Genet. 4:1739—1743). Mutations 
in the gene encoding myosin VIIa (mapped to chromosome 
11q13.5 (autosomal recessive)) have been found in a form of 
RP With associated profound congenital deafness (Usher 
syndrome) (Berson, E. L. (1996) PNAS 93:4526—4528; 
Dryja, T. P. and Li, T. (1995) Human M01. Genet. 
4:1739—1743). 
An additional locus for autosomal recessive RP has been 

mapped on chromosome 6p by linkage analysis (KnoWles, J. 
A., et. al., (1994) Hum. M01. Genet. 3:1401—1403). This 
locus is approximately 20 centimorgans telomeric from the 
previously described peripherin/RDS gene, and thus repre 
sents a novel disease locus. 

SUMMARY OF THE INVENTION 

This invention is based on the discovery of a novel gene 
Which, as described herein, Was mapped very close (2.8 cR 
Which is about 1 Mb) to the marker D6S291 on chromosome 
6. The D6S291 marker is the most tightly-linked marker to 
the retinitis pigmentosa locus 14 (RP14) on chromosome 6 
(KnoWles et al. (1994) Hum. M01. Genet. 3:1401—1403). 
Thus, this gene Was designated the retinitis pigmentosa 
(“rp”) gene. The rp gene encodes a polypeptide, referred to 
herein as an rp polypeptide. The rp polypeptide is involved 
in signal transduction pathWays Which regulate sensory 
functions, e.g., vision and/or hearing functions. In a pre 
ferred embodiment, the rp polypeptides are involved in 
signal transduction pathWays Which regulate the function of 
cells of the eye, e.g., cells of the retina, e.g., neural cells of 
the retina, e.g., the rod and cone photoreceptor cells of the 
retina. 

The rp gene and polypeptide Were also found to share 
sequence similarity With the human TUB gene and the TUB 
gene product, respectively. Mutations in the mouse homo 
logue of the human TUB gene are characteriZed by progres 
sive sensory deterioration such as progressive retinal and 
cochlear degeneration (Heckenlively, J. R. et al. (1995) 
PNAS 92:11100—11104; Ohlemiller, K. K. et al. (1995) 
Neur0Rep0rt 6:845—849), maturity-onset obesity With insu 
lin resistance, and impaired glucose tolerance (Coleman, D. 
L. and Eicher, E. M. (1990) J. Herea'. 81:424—427). It has 
also been found that rp polypeptides of the invention interact 
With (e.g., bind to) at least one protein Which is a member 
of the human TUB interactor (“hTI”) family of proteins. 
Speci?cally, the rp polypeptides have been found to interact 
With hTI-2, a TUB interactor described in US. Ser. No. 
08/715,032, ?led Sep. 17, 1996, the contents of Which are 
incorporated herein by reference. Thus, by their similarity to 
the TUB gene product and their ability to interact With at 
least one TUB interactor protein, the rp polypeptides of the 
invention are also involved in signal transduction pathWays 
Which regulate body Weight and pathWays involved in 
metabolism, e.g., glucose metabolism. 

Accordingly, one aspect of the invention pertains to an 
isolated rp nucleic acid molecule (e.g., genomic DNAs, 
cDNAs, RNAs) comprising a nucleotide sequence encoding 
an rp polypeptide or a bioactive fragment thereof, as Well as 
nucleic acid fragments suitable as primers or hybridiZation 
probes for the detection of rp-encoding nucleic acid (e.g., 
mRNA). In one embodiment, the rp polypeptide or bioactive 
fragment encoded by the nucleic acid molecule is a 
vertebrate, e.g., mammalian, polypeptide or bioactive frag 
ment thereof. In particularly preferred embodiments, the 
isolated nucleic acid molecule comprises the nucleotide 
sequence of SEQ ID NO:1, the nucleotide sequence of the 
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DNA insert of the plasmid deposited With ATCC as Acces 
sion Number 98144, the nucleotide sequence of the DNA 
insert of the plasmid deposited With ATCC as Accession 
Number 98147, or the coding region or a complement of one 
of these nucleotide sequences. In other particularly preferred 
embodiments, the isolated nucleic acid molecule of the 
invention comprises a nucleotide sequence Which hybridiZes 
to or is at least about 60—65%, preferably at least about 
70—75%, more preferably at least about 80—85%, and even 
more preferably at least about 90—95% or more homologous 
to the nucleotide sequence shoWn in SEQ ID NO:1, the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98144, or the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98147 or a 
portion of one of these nucleotide sequences. In other 
preferred embodiments, the isolated nucleic acid molecule 
encodes an amino acid sequence Which is at least about 
50—60%, preferably at least about 65—70%, more preferably 
at least about 75—80%, and even more preferably at least 
about 85, 90, 95% or more homologous to the amino acid 
sequence encoded by the nucleotide sequence shoWn in SEQ 
ID NO:1, the amino acid sequence encoded by the nucle 
otide sequence of the DNA insert of the plasmid deposited 
With ATCC as Accession Number 98144, or the amino acid 
sequence encoded by the nucleotide sequence of the DNA 
insert of the plasmid deposited With ATCC as Accession 
Number 98147 or a portion of an amino acid sequence 
encoded by a portion of one of these nucleotide sequences. 
In particularly preferred embodiments, the isolated nucleic 
acid molecule encodes the amino acid sequence of SEQ ID 
NO:2, the amino acid sequence encoded by the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98144, or the amino acid 
sequence encoded by the nucleotide sequence of the DNA 
insert of the plasmid deposited With ATCC as Accession 
Number 98147. The preferred rp polypeptides of the present 
invention also preferably possess at least one rp bioactivity 
described herein. 

Preferably, the polypeptide or a bioactive fragment 
thereof encoded by the nucleic acid molecule maintains the 
ability to modulate or regulate a sensory function and/or 
body Weight. In one embodiment, the polypeptide or bioac 
tive fragment encoded by the nucleic acid molecule is at 
least about 50—60%, preferably at least about 65—70%, more 
preferably at least about 75—80%, and even more preferably 
at least about 85, 90, 95% or more homologous to the amino 
acid sequence encoded by the nucleotide sequence shoWn in 
SEQ ID NO:1, the amino acid sequence encoded by the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98144, or the 
amino acid sequence encoded by the nucleotide sequence of 
the DNA insert of the plasmid deposited With ATCC as 
Accession Number 98147 or a portion of an amino acid 
sequence encoded by a portion of one of these nucleotide 
sequences. 

In yet another embodiment, the isolated nucleic acid 
molecule is derived from a human and encodes a portion of 
a protein Which includes a selected domain or motif, e.g., the 
C-terminal portion, e.g., the C-terminal half of the protein or 
a portion thereof including the C-terminal most cysteine 
residue, a nuclear localiZation site, a tyrosine phosphoryla 
tion site, e.g., a tyrosine phosphorylation site capable of 
binding to an SH2-containing protein, and has one or more 
of the folloWing bioactivities: 1) it can interact With (e.g., 
bind to) a TUB interactor protein, e.g., hTI-2; 2) it can 
modulate the activity of a TUB interactor protein, e.g., 
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4 
hTI-2; and 3) it can modulate or regulate a sensory function, 
e.g., a sensory function in retinal cells, body Weight, and/or 
a metabolic function. 

In another embodiment, the isolated nucleic acid mol 
ecule is at least 15 nucleotides in length and hybridiZes 
under stringent conditions to a nucleic acid molecule com 
prising the nucleotide sequence of SEQ ID NO:1, the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98144, or the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98147. 
Preferably, the isolated nucleic acid molecule corresponds to 
a naturally-occurring nucleic acid molecule. More 
preferably, the isolated nucleic acid molecule encodes 
naturally-occurring human rp or a bioactive fragment 
thereof. Moreover, given the disclosure herein of an 
rp-encoding cDNA sequence (e.g., SEQ ID NO:1), antisense 
nucleic acid molecules (i.e., molecules Which are comple 
mentary to the coding strand of the rp cDNA sequence) are 
also provided by the invention. 
Another aspect of the invention pertains to vectors, e.g., 

recombinant expression vectors, containing the nucleic acid 
molecules of the invention and host cells into Which such 
vectors have been introduced. In one embodiment, such a 
host cell is used to produce an rp polypeptide by culturing 
the host cell in an appropriate medium. If desired, the rp 
polypeptide can be then isolated from the medium or the 
host cell. 

Yet another aspect of the invention pertains to transgenic 
nonhuman animals in Which an rp gene has been introduced 
or altered. In one embodiment, the genome of the nonhuman 
animal has been altered by introduction of a nucleic acid 
molecule of the invention encoding rp as a transgene. In 
another embodiment, an endogenous rp gene Within the 
genome of the nonhuman animal has been altered, e.g., 
functionally disrupted, by homologous recombination. The 
transgenic and homologous recombinant nonhuman animals 
can be used, for example, as animal models for identifying 
compounds Which are capable of being used as therapeutic 
agents to treat disorders characteriZed by aberrant or abnor 
mal rp nucleic acid expression or rp polypeptide activity. 

Still another aspect of the invention pertains to an isolated 
rp polypeptide, a fragment, or portion, e.g., a bioactive 
fragment or portion, thereof. In a preferred embodiment, the 
isolated rp polypeptide or bioactive fragment thereof can 
modulate a sensory function (e.g., vision and/or hearing) 
and/or body Weight. In another preferred embodiment, the 
isolated rp polypeptide or bioactive fragment thereof is 
sufficiently homologous to an amino acid sequence of SEQ 
ID NO:2 such that the polypeptide or bioactive fragment 
thereof maintains the ability to modulate a sensory function 
(e.g., vision and/or hearing) and/or body Weight. 

In one embodiment, the bioactive fragment of the rp 
polypeptide includes a domain or motif, preferably a domain 
or motif Which has an rp bioactivity. The domain can 
comprise the C-terminal portion, e.g., the C-terminal half of 
the rp polypeptide or a portion thereof including the 
C-terminal most cysteine residue, a nuclear localiZation site, 
a tyrosine phosphorylation site, e.g., a tyrosine phosphory 
lation site capable of binding to an SH2-containing protein, 
of the amino acid sequence of SEQ ID NO:2, the amino acid 
sequence encoded by the nucleotide sequence of the DNA 
insert of the plasmid deposited With ATCC as Accession 
Number 98144, or the amino acid sequence encoded by the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98147. 
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Preferably, the bioactive fragment of the rp polypeptide 
Which includes a domain Which also has one of the following 
bioactivities: 1) it can interact With (e.g., bind to) a TUB 
interactor protein, e.g., hTI-2; 2) it can modulate the activity 
of a TUB interactor protein, e.g., hTI-2; and 3) it can 
modulate or regulate a sensory function, e.g., a sensory 
function in retinal cells, body Weight, and/or a metabolic 
function. 

The invention also provides an isolated preparation of an 
rp polypeptide. In preferred embodiments, the rp polypep 
tide comprises the amino acid sequence of SEQ ID NO:2, an 
amino acid sequence encoded by the nucleotide sequence of 
the DNA insert of the plasmid deposited With ATCC as 
Accession Number 98144, or an amino acid sequence 
encoded by the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98147. 
In yet another embodiment, the polypeptide is at least about 
50—60%, preferably at least about 65—70%, more preferably 
at least about 75—80%, and even more preferably at least 
about 85, 90, 95% or more homologous to the entire amino 
acid sequence of SEQ ID NO:2, an amino acid sequence 
encoded by the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98144, 
or an amino acid sequence encoded by the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98147. In other embodiments, 
the isolated rp polypeptide comprises an amino acid 
sequence Which is at least about 60—70% or more homolo 
gous to the amino acid sequence of SEQ ID NO:2 and has 
an one or more of the folloWing activities: 1) it can interact 
With (e.g., bind to) a TUB interactor protein, e.g., hTI-2; 2) 
it can modulate the activity of a TUB interactor protein, e.g., 
hTI-2; and 3) it can modulate or regulate a sensory function, 
e.g., a sensory function in retinal cells, body Weight and/or 
a metabolic function. Alternatively, the isolated rp polypep 
tide can comprise an amino acid sequence Which is encoded 
by a nucleotide sequence Which hybridiZes, e.g., hybridiZes 
under stringent conditions, or is at least about 60—65%, 
preferably at least about 70—75%, more preferably at least 
about 80—85%, and even more preferably at least about 
90—95% or more homologous to the nucleotide sequence of 
SEQ ID NO:1, the nucleotide sequence of the DNA insert of 
the plasmid deposited With AT CC as Accession Number 
98144, or the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98147. 
It is also preferred that these preferred forms of rp have one 
or more of the rp activities described herein. 

The rp polypeptide or a bioactive fragment thereof can be 
operatively linked to a non-rp polypeptide to form a fusion 
protein. In addition, the rp polypeptide or a bioactive frag 
ment thereof can be incorporated into a pharmaceutical 
composition comprising the protein and a pharmaceutically 
acceptable carrier. 

The rp polypeptides of the invention, or fragments or 
portions thereof, can be used to prepare anti-rp antibodies. 
Accordingly, the invention also provides an antigenic pep 
tide of rp Which comprises at least 8 amino acid residues of 
the amino acid sequence shoWn in SEQ ID NO:2 and 
encompasses an epitope of rp such that an antibody raised 
against the peptide forms a speci?c immune complex With 
rp. Preferably, the antigenic peptide comprises at least 10 
amino acid residues, more preferably at least 15 amino acid 
residues, even more preferably at least 20 amino acid 
residues, and most preferably at least 30 amino acid resi 
dues. The invention further provides an antibody Which is 
speci?cally reactive With an epitope of rp. In one 
embodiment, the antibody is monoclonal. In another 
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embodiment, the antibody is coupled to a detectable sub 
stance. In yet another embodiment, the antibody is incorpo 
rated into a pharmaceutical composition comprising the 
antibody and a pharmaceutically acceptable carrier. 
Another aspect of the invention pertains to methods for 

treating subjects having various disorders. For example, the 
invention pertains to methods for treating a subject having a 
disorder characteriZed by aberrant or abnormal rp polypep 
tide activity or rp nucleic acid expression such as a sensory 
disorder, e.g., a disorder Which affects vision and/or hearing, 
e.g., a vision (eye) disorder such as a retinal disorder, e.g., 
retinitis pigmentosa, a disorder associated With body Weight, 
e.g., obesity, cachexia, and anorexia, or a metabolic disorder, 
e.g., a disorder associated With insulin resistance, e.g., 
diabetes. These methods include administering to the subject 
an rp modulator (e.g., a small molecule) such that treatment 
of the subject occurs. 

In another embodiment, the invention pertains to methods 
for treating a subject having retinitis pigmentosa or a dis 
order associated With body Weight comprising administering 
to the subject an rp modulator such that treatment occurs. 

In other embodiments, the invention pertains to methods 
for treating a subject having retinitis pigmentosa or a dis 
order associated With body Weight comprising administering 
to the subject an rp polypeptide or a bioactive fragment 
thereof such that treatment occurs. Retinitis pigmentosa and 
disorders associated With body Weight can also be treated 
according to the invention by administering to the subject 
having the disorder a nucleic acid encoding an rp polypep 
tide or a bioactive fragment thereof such that treatment 
occurs. 

Still another aspect of the invention pertains to methods, 
e.g., screening assays, for identifying a compound or agent 
for treating a disorder characteriZed by aberrant or abnormal 
rp nucleic acid expression or rp polypeptide activity, e.g., 
retinitis pigmentosa, a disorder associated With body Weight. 
These methods typically include assaying the ability of the 
compound or agent to modulate the expression of the rp gene 
or the activity of the rp polypeptide thereby identifying a 
compound or agent for treating a disorder characteriZed by 
aberrant rp nucleic acid expression or rp polypeptide activ 
ity. In a preferred embodiment, the method involves con 
tacting a biological sample, e. g., a cell or tissue sample, e. g., 
a retinal cell sample, a blood cell sample, e. g., a lymphocyte 
cell sample, obtained from a subject having the disorder With 
the compound or agent, determining the amount of rp 
nucleic acid expressed and/or measuring the activity of the 
rp polypeptide in the biological sample, comparing the 
amount of rp nucleic acid expressed in the biological sample 
and/or the measurable rp biological activity in the cell to that 
of a control sample. An alteration in the amount of rp nucleic 
acid expression or rp polypeptide activity in the cell exposed 
to the compound or agent in comparison to the control is 
indicative of a modulation of rp nucleic acid expression 
and/or rp polypeptide activity. 
The invention also pertains to methods for modulating a 

cell associated activity, e.g., proliferation or differentiation. 
Such methods include contacting the cell With an rp modu 
lator such that a cell associated activity is altered relative to 
a cell associated activity (e.g., the same cell associated 
activity) of the cell in the absence of the agent. In a preferred 
embodiment, the cell is involved in regulating a sensory 
function, body Weight, and/or a metabolic function. The rp 
modulator can stimulate rp polypeptide activity or rp nucleic 
acid expression. Examples such stimulatory rp modulators 
include small molecules, active rp polypeptides, and nucleic 
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acids encoding rp that have been introduced into the cell. 
Alternatively, the rp modulator can inhibit rp polypeptide 
activity or rp nucleic acid expression. Examples of such 
inhibitory rp modulators include small molecules, antisense 
rp nucleic acid molecules, and antibodies that speci?cally 
react With an epitope of rp. In a preferred embodiment, the 
cell is present Within a subject and the agent is administered 
to the subject 

The present invention also pertains to methods for detect 
ing genetic lesions in an rp gene, thereby determining if a 
subject With the lesioned gene is at risk for (or is predisposed 
to have) a disorder characteriZed by aberrant or abnormal rp 
nucleic acid expression or rp polypeptide activity, e.g., a 
sensory disorder or a disorder associated With body Weight. 
In preferred embodiments, the methods include detecting, in 
a sample of cells, e.g., blood cells, e.g., lymphocytes, from 
the subject, the presence or absence of a genetic lesion 
characteriZed by an alteration affecting the integrity of a 
gene encoding an rp polypeptide or the misexpression of the 
rp gene. 

The invention also pertains to methods for identifying a 
compound or agent Which interacts With (e.g., binds to) an 
rp polypeptide. These methods can include the steps of 
contacting the rp polypeptide With the compound or agent 
under conditions Which alloW binding of the compound to 
the rp polypeptide to form a complex and detecting the 
formation of a complex of the rp polypeptide and the 
compound in Which the ability of the compound to bind to 
the rp polypeptide is indicated by the presence of the 
compound in the complex. 

The invention further pertains to methods for identifying 
a compound or agent Which modulates, e.g., stimulates or 
inhibits, the interaction of the rp polypeptide With a target 
molecule, e.g., a TUB interactor, e.g., hTI-2. In these 
methods, the rp polypeptide is contacted, in the presence of 
the compound or agent, With the target molecule under 
conditions Which alloW binding of the target molecule to the 
rp polypeptide to form a complex. An alteration, e.g., an 
increase or decrease, in complex formation betWeen the rp 
polypeptide and the target molecule as compared to the 
amount of complex formed in the absence of the compound 
or agent is indicative of the ability of the compound or agent 
to modulate the interaction of the rp polypeptide With a 
target molecule. 

Another aspect of the invention pertains to methods for 
detecting the presence of rp in a biological sample. In a 
preferred embodiment, the methods involve contacting a 
biological sample (e.g., a retinal cell sample) With a com 
pound or an agent capable of detecting rp polypeptide or rp 
mRNA such that the presence of rp is detected in the 
biological sample. The compound or agent can be, for 
example, a labeled or labelable nucleic acid probe capable of 
hybridiZing to rp mRNA or a labeled or labelable antibody 
capable of binding to rp polypeptide. The invention further 
provides methods for diagnosis of a subject With, for 
example, a sensory disorder, e.g., retinitis pigmentosa, a 
disorder associated With body Weight, a disorder associated 
With insulin resistance, e.g., diabetes, based on detection of 
rp polypeptide or mRNA. In one embodiment, the method 
involves contacting a cell or tissue sample (e. g., a retinal cell 
sample) from the subject With an agent capable of detecting 
rp polypeptide or mRNA, determining the amount of rp 
polypeptide or mRNA expressed in the cell or tissue sample, 
comparing the amount of rp polypeptide or mRNA 
expressed in the cell or tissue sample to a control sample and 
forming a diagnosis based on the amount of rp polypeptide 
or mRNA expressed in the cell or tissue sample as compared 
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to the control sample. Preferably, the cell sample is a retinal 
cell sample. Kits for detecting rp in a biological sample are 
also Within the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts the nucleotide (SEQ ID NO:1) and deduced 
amino acid (SEQ ID NO:2) sequence of the human rp gene 
including 5‘ and 3‘ untranslated regions. The coding region 
alone of the human rp gene is shoWn in SEQ ID NO:3. 

FIG. 2 depicts the nucleotide (SEQ ID NO:4) and deduced 
amino acid (SEQ ID NO:5) sequence of a human rp gene 
fragment including a 3‘ untranslated region. 

FIG. 3 depicts the nucleotide (SEQ ID NO:6) and deduced 
amino acid (SEQ ID NO:7) sequence of the mouse tub gene 
including 5‘ and 3‘ untranslated regions. The coding region 
alone of the mouse tub gene is shoWn in SEQ ID NO:8. 

FIG. 4 depicts the nucleotide (SEQ ID NO:9) and deduced 
amino acid (SEQ ID NO:10) sequence of the human TUB 
gene including 5‘ and 3‘ untranslated regions. The coding 
region alone of the human TUB gene is shoWn in SEQ ID 
NO:11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is based on the discovery of novel 
molecules, referred to herein as rp nucleic acid and polypep 
tide molecules, Which play a role in or function in sensory 
functions, functions associated With body Weight, and/or 
metabolic functions. As described above, the rp gene Was 
mapped very close to the most tightly linked marker 
(D6S291) to the retinitis pigmentosa locus 14 on chromo 
some 6. The rp polypeptides encoded by the rp gene are 
involved in signal transduction pathWays Which regulate 
sensory functions, e.g., vision and/or hearing functions. In a 
preferred embodiment, the rp polypeptides are involved in 
signal transduction pathWays Which regulate the function of 
cells of the eye, e.g., cells of the retina, e.g., neural cells of 
the retina, e.g., the rod and cone photoreceptor cells of the 
retina, and cells of the ear, e.g., audioreceptor cells. Thus, rp 
molecules (or modulators thereof) of the present invention 
can be used to treat various sensory disorders, e.g., vision 
disorders such as retinitis pigmentosa, and hearing disorders 
such as Usher syndrome. 

Moreover, as described above, the rp gene and polypep 
tide Were also found to share sequence similarity With the 
human TUB gene and the TUB gene product, respectively. 
In particular, the human rp gene is 56.4% identical to the 
human TUB gene While the rp protein is 46% identical to the 
human TUB protein. Although the N-terminus of the tWo 
gene products are dissimilar, the most conserved region of 
the tWo gene products are 66.4% identical. Thus, as the rp 
gene and polypeptide Were found to share sequence simi 
larity With the human TUB gene and the TUB gene product, 
respectively and the rp polypeptide Was found to interact 
With at least one protein Which is a member of the human 
TUB interactor (“hTI”) family of proteins, the rp polypep 
tides are involved in signal transduction pathWays Which 
regulate body Weight and pathWays involved in metabolism, 
e.g., glucose metabolism. Speci?cally, the rp polypeptides 
have been found to interact With hTI-2, a TUB interactor 
described in US. Ser. No. 08/715,032, ?led Sep. 17, 1996, 
the contents of Which are expressly incorporated herein by 
reference. hTI-2 is expressed in most human tissues With the 
highest expression occurring in testis, pancreas, liver, uterus, 
and brain. Thus, rp molecules (or modulators thereof) of the 
present invention can be used to treat various body Weight 
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disorders, e.g., obesity, cachexia, anorexia, and metabolic 
disorders such as diabetes. 

The human rp nucleotide sequence (identi?ed as 
described in Example 1) and the predicted amino acid 
sequence of the human rp protein are shoWn in FIG. 1 and 
in SEQ ID NOs:1 and 2, respectively. Aplasmid containing 
the full length nucleotide sequence encoding human rp 
protein (With the DNA insert name of fyhx77102) Was 
deposited With the American Type Culture Collection 
(AT CC), Rockville, Md., on Aug. 23, 1996 and assigned 
Accession Number 98147. Aplasmid containing the nucle 
otide sequence encoding a portion of the human rp protein 
(With the DNA insert name of foxtub B1) Was deposited With 
ATCC, Rockville, Md., on Aug. 22, 1996 and assigned 
Accession Number 98144. These deposits Will be main 
tained under the terms of the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms 
for the Purposes of Patent Procedure. These deposits Were 
made merely as a convenience for those of skill in the art and 
do not constitute admissions that a deposit is required under 
35 U.S.C. §112. 

The human rp gene, Which is approximately 2184 nucle 
otides in length (the coding region is approximately 1050 
nucleotides in length), encodes a full length protein Which is 
approximately 349 amino acid residues in length. The rp 
protein is predominantly expressed retinal tissue. The rp 
protein contains a C-terminal cysteine (amino acid residue 
348) Which is a putative palmytylation or prenylation site for 
targeting the protein to the cell membrane. Amino acid 
residues 147—153 of the rp protein comprise a putative 
nuclear localiZation sequence. The rp protein also includes at 
least tWo dibasic proteolytic cleavage sites at amino acid 
residues 24—25 and at amino acid residues 147—150. In 
addition, the rp protein includes several putative tyrosine 
phosphorylation sites Which represent putative SH2 binding 
sites. These putatative tyrosine phosphorylation sites include 
the folloWing: amino acid residue 128 (GMYPSYFL), 
amino acid residue 131 (PSYFLHLD), amino acid residue 
157 (ANY LISID), amino acid residue 199 (RGYSTNV), 
amino acid residue 215 (VIYETNVL), amino acid residue 
282 (QSYTLNFH), amino acid residue 308 (PDYIVL), 
amino acid residue 325 (LDYNYPLC), and amino acid 
residue 327 (YNYPLCAL). 

The rp protein or a bioactive fragment or portion thereof 
of the invention can have one or more of the folloWing 
activities: 1) it can interact With (e.g., bind to) a TUB 
interactor protein, e.g., hTI-2; 2) it can modulate the activity 
of a TUB interactor protein, e.g., hTI-2; and 3) it can 
modulate or regulate a sensory function, e.g., a sensory 
function in retinal cells, body Weight, e.g., obesity, cachexia, 
anorexia, and/or a metabolic function, e.g., diabetes. 

Various aspects of the invention are described in further 
detail in the folloWing subsections: 
I. Isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic 
acid molecules that encode rp or bioactive fragments or 
portions thereof, as Well as nucleic acid fragments suf?cient 
for use as hybridiZation probes to identify rp-encoding 
nucleic acid (e.g., rp mRNA). As used herein, the term 
“nucleic acid molecule” is intended to include DNA mol 
ecules (e.g., cDNA or genomic DNA) and RNA molecules 
(e.g., mRNA) and analogs of the DNA or RNA generated 
using nucleotide analogs. The nucleic acid molecule can be 
single-stranded or double-stranded, but preferably is double 
stranded DNA. An “isolated” nucleic acid molecule is one 
Which is separated from other nucleic acid molecules Which 
are present in the natural source of the nucleic acid. 

10 

15 

25 

35 

45 

55 

65 

10 
Preferably, an “isolated” nucleic acid is free of sequences 
Which naturally ?ank the nucleic acid (i.e., sequences 
located at the 5‘ and 3‘ ends of the nucleic acid) in the 
genomic DNA of the organism from Which the nucleic acid 
is derived. For example, in various embodiments, the iso 
lated rp nucleic acid molecule can contain less than about 5 
kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide 
sequences Which naturally ?ank the nucleic acid molecule in 
genomic DNA of the cell from Which the nucleic acid is 
derived (e.g., a retinal cell). Moreover, an “isolated” nucleic 
acid molecule, such as a cDNA molecule, can be substan 
tially free of other cellular material, or culture medium When 
produced by recombinant techniques, or chemical precur 
sors or other chemicals When chemically synthesiZed. 
A nucleic acid molecule of the present invention, e.g., a 

nucleic acid molecule having the nucleotide sequence of 
SEQ ID NO:1, or a portion thereof, can be isolated using 
standard molecular biology techniques and the sequence 
information provided herein. For example, a human rp 
cDNA can be isolated from a human retinal library using all 
or portion of SEQ ID NO:1 as a hybridiZation probe and 
standard hybridiZation techniques (e.g., as described in 
Sambrook, J., Fritsh, E. E, and Maniatis, T Molecular 
Cloning: A Laboratory Manual. 2nd, ed, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1989). Moreover, a nucleic acid 
molecule encompassing all or a portion of SEQ ID NO: 1 can 
be isolated by the polymerase chain reaction using oligo 
nucleotide primers designed based upon the sequence of 
SEQ ID NO:1. For example, mRNA can be isolated from 
normal retinal cells (e.g., by the guanidinium-thiocyanate 
extraction procedure of ChirgWin et al. (1979) Biochemistry 
18: 5294—5299) and cDNA can be prepared using reverse 
transcriptase (e.g., Moloney MLV reverse transcriptase, 
available from Gibco/BRL, Bethesda, Md.; or AMV reverse 
transcriptase, available from Seikagaku America, Inc., St. 
Petersburg, Fla.). Synthetic oligonucleotide primers for PCR 
ampli?cation can be designed based upon the nucleotide 
sequence shoWn in SEQ ID NO:1. A nucleic acid of the 
invention can be ampli?ed using cDNA or, alternatively, 
genomic DNA, as a template and appropriate oligonucle 
otide primers according to standard PCR ampli?cation tech 
niques. The nucleic acid so ampli?ed can be cloned into an 
appropriate vector and characteriZed by DNA sequence 
analysis. Furthermore, oligonucleotides corresponding to an 
rp nucleotide sequence can be prepared by standard syn 
thetic techniques, e.g., using an automated DNA synthesiZer. 

In a preferred embodiment, an isolated nucleic acid mol 
ecule of the invention comprises the nucleotide sequence 
shoWn in SEQ ID NO:1, the nucleotide sequence of the 
DNA insert of the plasmid deposited With ATCC as Acces 
sion Number 98144, or the nucleotide sequence of the DNA 
insert of the plasmid deposited With ATCC as Accession 
Number 98147. The sequence of SEQ ID NO:1 corresponds 
to the human rp cDNA. This cDNA comprises sequences 
encoding the rp protein (i.e., “the coding region”, from 
nucleotides 569 to 1615), as Well as 5‘ untranslated 
sequences (nucleotides 1 to 568) and 3‘ untranslated 
sequences (nucleotides 1616 to 2184). Alternatively, the 
nucleic acid molecule can comprise only the coding region 
of SEQ ID NO:1 (e.g., nucleotides 569 to 1615). 

In another preferred embodiment, an isolated nucleic acid 
molecule of the invention comprises a nucleic acid molecule 
Which is a complement of the nucleotide sequence shoWn in 
SEQ ID NO:1, the nucleotide sequence of the DNA insert of 
the plasmid deposited With ATCC as Accession Number 
98144, the nucleotide sequence of the DNA insert of the 
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plasmid deposited With AT CC as Accession Number 98147, 
or a portion of one of these nucleotide sequences. A nucleic 
acid molecule Which is complementary to the nucleotide 
sequence shoWn in SEQ ID NO:1, the nucleotide sequence 
of the DNA insert of the plasmid deposited With AT CC as 
Accession Number 98144, or the nucleotide sequence of the 
DNA insert of the plasmid deposited With ATCC as Acces 
sion Number 98147 is one Which is sufficiently complemen 
tary to the nucleotide sequence shoWn in SEQ ID NO:1, the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98144, or the 
nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98147 such that 
it can hybridiZe to the nucleotide sequence shoWn in SEQ ID 
NO:1, the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98144, 
or the nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98147, thereby 
forming a stable duplex. 

In still another preferred embodiment, an isolated nucleic 
acid molecule of the invention comprises a nucleotide 
sequence Which is at least about 60—65%, preferably at least 
about 70—75%, more preferably at least about 80—85%, and 
even more preferably at least about 90—95% or more 

homologous to the nucleotide sequence shoWn in SEQ ID 
NO:1, the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98144, 
the nucleotide sequence of the DNA insert of the plasmid 
deposited With AT CC as Accession Number 98147, or a 
portion of one of these nucleotide sequences. In an addi 
tional preferred embodiment, an isolated nucleic acid mol 
ecule of the invention comprises a nucleotide sequence 
Which hybridiZes, e.g., hybridiZes under stringent 
conditions, to the nucleotide sequence shoWn in SEQ ID 
NO:1, the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98144, 
the nucleotide sequence of the DNA insert of the plasmid 
deposited With AT CC as Accession Number 98147, or a 
portion of one of these nucleotide sequences. 

Moreover, the nucleic acid molecule of the invention can 
comprise only a portion of the coding region of SEQ ID 
NO:1, for eXample a fragment Which can be used as a probe 
or primer or a fragment encoding a bioactive fragment of rp. 
The nucleotide sequence of the rp gene provided herein 
alloWs for the generation of probes and primers designed for 
use in identifying and/or cloning rp homologues in other cell 
types, e.g., from other tissues, as Well as rp homologues 
from other mammals. The probe/primer typically comprises 
substantially puri?ed oligonucleotide. The oligonucleotide 
typically comprises a region of nucleotide sequence that 
hybridiZes under stringent conditions to at least about 12, 
preferably about 25, more preferably about 40, 50 or 75 
consecutive nucleotides of SEQ ID NO:1 sense, an anti 
sense sequence of SEQ ID NO:1, or naturally occurring 
mutants thereof. Primers based on the nucleotide sequence 
in SEQ ID NO:1 can be used in PCR reactions to clone rp 
homologues. Probes based on the rp nucleotide sequences 
can be used to detect transcripts or genomic sequences 
encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group 
attached thereto, e.g., the label group can be a radioisotope, 
a ?uorescent compound, an enZyme, or an enZyme co-factor. 
Such probes can be used as a part of a diagnostic test kit for 
identifying cells or tissue Which miseXpress an rp 
polypeptide, such as by measuring a level of an rp-encoding 
nucleic acid in a sample of cells from a subject e.g., 
detecting rp mRNA levels or determining Whether a 
genomic rp gene has been mutated or deleted. 
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In one embodiment, the nucleic acid molecule of the 

invention encodes a polypeptide or bioactive fragment 
thereof Which includes an amino acid sequence Which is 
sufficiently homologous to an amino acid sequence of SEQ 
ID NO:2, an amino acid sequence encoded by the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98144, or an amino acid 
sequence encoded by the nucleotide sequence of the DNA 
insert of the plasmid deposited With ATCC as Accession 
Number 98147 such that the polypeptide or fragment thereof 
maintains the ability to modulate a sensory function, a 
function associated With body Weight, and/or a metabolic 
function. As used herein, the language “suf?ciently homolo 
gous” refers to polypeptides or fragments thereof Which 
have amino acid sequences Which include a minimum 
number of identical or equivalent (e.g., an amino acid 
residue Which has a similar side chain as an amino acid 
residue in SEQ ID NO:2) amino acid residues to an amino 
acid sequence of SEQ ID NO:2, an amino acid sequence 
encoded by the nucleotide sequence of the DNA insert of the 
plasmid deposited With ATCC as Accession Number 98144, 
or an amino acid sequence encoded by the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98147 such that the polypep 
tide or fragment thereof is able to modulate a sensory 
function, a function associated With body Weight, and/or a 
metabolic function. As used herein, a sensory function is a 
cellular function or activity Which aids the individual con 
taining the cell having the activity or function in perceiving 
a sensation. For example, the rod and cone photoreceptors of 
the retina aid the individual containing the cells in perceiv 
ing light. A function associated With body Weight is a 
cellular function or activity Which aids the individual con 
taining the cell having the activity or function in regulating 
body Weight. A metabolic function is a cellular activity or 
function Which aids the individual containing the cell having 
the activity or function in utiliZing energy, e.g., energy 
provided by proteins, carbohydrates, and/or lipids. In 
another embodiment, the polypeptide is at least about 
50—60%, preferably at least about 65—70%, more preferably 
at least about 75—80%, and even more preferably at least 
about 85, 90, 95% or more homologous to the entire amino 
acid sequence of SEQ ID NO:2, the amino acid sequence 
encoded by the nucleotide sequence of the DNA insert of the 
plasmid deposited With ATCC as Accession Number 98144, 
or the amino acid sequence encoded by the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98147. 

Portions of polypeptides encoded by the rp nucleic acid 
molecule of the invention are preferably bioactive fragments 
or portions of the rp polypeptide. As used herein, the term 
“bioactive fragment or portion of rp” is intended to include 
a portion, e.g., a domain/motif, of rp that has one or more of 
the folloWing activities: 1) it can interact With (e.g., bind to) 
a TUB interactor protein, e.g., hTI-2; 2) it can modulate the 
activity of a TUB interactor protein, e.g., hTI-2; and 3) it can 
modulate or regulate a sensory function, e.g., a sensory 
function in retinal cells, body Weight, and/or a metabolic 
function. 

Standard binding assays, e.g., immunoprecipitations and 
yeast tWo-hybrid assays as described herein, can be per 
formed to determine the ability of an rp polypeptide or a 
bioactive fragment or portion thereof to interact With (e.g., 
bind to) an TUB interactor protein. 

Modulation or regulation of an activity of a TUB inter 
actor protein can be measured in vitro by using standard 
assays in isolated membrane fractions from cell lines over 
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expressing sense or antisense constructs encoding the rp 
polypeptide or bioactive fragment thereof and Which also 
express a TUB interactor protein. Modulation of the TUB 
interactor protein activity can then be determined by mea 
suring changes in secondary messenger levels, e.g., cGMP 
levels, in the cells that express both the rp polypeptide and 
the TUB interactor protein compared to cells Which only 
express the TUB interactor protein. 

Modulation or regulation of a sensory function by an rp 
polypeptide or a bioactive fragment thereof can be measured 
in vitro as Well as in vivo. In one embodiment, modulation 
of a sensory function can be measured in vitro by using 
standard assays in isolated membrane fractions from cell 
lines overexpressing sense or antisense constructs encoding 
the rp polypeptide or bioactive fragment thereof. For 
example, a cell line such as COS-1 can be stably transfected 
With a construct that overexpresses the rp polypeptide. 
Membrane fractions isolated from these cells can then be 
mixed With a membrane fraction derived from a preparation 
of rod photoreceptor outer fragments. cGMP levels can then 
be measured to determine Whether the rp polypeptide or 
fragment thereof modulates cGMP production, a require 
ment in light signal transduction. Alternatively, a cell line 
such as the human ?broblast cell line 293 Which has been 
stably transfected With guanyl cyclase can be used directly 
to determine modulation of cGMP production. FolloWing 
overexpression of sense or antisense constructs encoding an 
rp polypeptide or fragment thereof in such a cell line, cGMP 
levels can be measured using standard assays. In another 
embodiment, modulation or regulation of a sensory function 
by an rp polypeptide or a bioactive fragment thereof can be 
tested in vivo by constructing transgenic mice overexpress 
ing or lacking expression of the rp polypeptide or fragment 
thereof. Direct measurement of retinal activity in the mice 
can then be performed using standard electroretinograms. 
Alternatively, ?ux of secondary messengers in the light 
transduction pathWay, e.g., cGMP and Ca++ can be measured 
directly in photoreceptor cells using standard patch clamp 
techniques. 

Modulation or regulation of body Weight by an rp 
polypeptide or a bioactive fragment thereof can be tested in 
animal models of, for example, obesity. For example, trans 
genic animals are available Which have obese phenotypes. 
An rp polypeptide or a bioactive fragment thereof or a 
nucleic acid encoding an rp polypeptide or a bioactive 
fragment thereof can be administered to such animals and 
changes in the obese phenotype measured. 

In one embodiment, the biologically active portion of rp 
comprises a selected domain or motif, e.g., the C-terminal 
portion, e.g., the C-terminal half of the rp polypeptide or a 
portion thereof including the C-terminal most cysteine 
residue, a nuclear localiZation site, a tyrosine phosphoryla 
tion site, e.g., a tyrosine phosphorylation site capable of 
binding to an SH2-containing protein, and has one or more 
of the folloWing bioactivities: 1) it can interact With (e.g., 
bind to) a TUB interactor protein, e.g., hTI-2; 2) it can 
modulate the activity of a TUB interactor protein, e.g., 
hTI-2; and 3) it can modulate or regulate a sensory function, 
e.g., a sensory function in retinal cells, body Weight, and/or 
a metabolic function. Additional nucleic acid fragments 
encoding bioactive fragments or portions of rp can be 
prepared by isolating a portion of SEQ ID NO:1, expressing 
the encoded portion (i.e., peptide) of the rp polypeptide (e.g., 
by recombinant expression in vitro) and assessing the activ 
ity of the encoded portion of rp polypeptide. 

The invention further encompasses nucleic acid mol 
ecules that differ from the nucleotide sequence shoWn in 
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SEQ ID NO:1 (and portions thereof) due to degeneracy of 
the genetic code and thus encode the same rp polypeptide as 
that encoded by the nucleotide sequence shoWn in SEQ ID 
NO:1. In another embodiment, an isolated nucleic acid 
molecule of the invention has a nucleotide sequence encod 
ing a polypeptide having an amino acid sequence shoWn in 
SEQ ID NO:2, a polypeptide having an amino acid sequence 
encoded by the nucleotide sequence of the DNA insert of the 
plasmid deposited With ATCC as Accession Number 98144, 
or a polypeptide having an amino acid sequence encoded by 
the nucleotide sequence of the DNA insert of the plasmid 
deposited With ATCC as Accession Number 98147. 

In addition to the human rp nucleotide sequence shoWn in 
SEQ ID NO:1, it Will be appreciated by those skilled in the 
art that DNA sequence polymorphisms that lead to changes 
in the amino acid sequences of rp may exist Within a 
population (e.g., the human population). Such genetic poly 
morphism in the rp gene may exist among individuals Within 
a population due to natural allelic variation. As used herein, 
the terms “gene” and “recombinant gene” refer to nucleic 
acid molecules comprising an open reading frame encoding 
an rp polypeptide, preferably a mammalian rp polypeptide. 
Such natural allelic variations can typically result in 1—5% 
variance in the nucleotide sequence of the rp gene. Any and 
all such nucleotide variations and resulting amino acid 
polymorphisms in rp that are the result of natural allelic 
variation and that do not alter the functional activity of rp are 
intended to be Within the scope of the invention. Moreover, 
nucleic acid molecules encoding rp polypeptides from other 
species, and thus Which have a nucleotide sequence Which 
differs from the human sequence of SEQ ID NO:1, are 
intended to be Within the scope of the invention. Nucleic 
acid molecules corresponding to natural allelic variants and 
nonhuman homologues of the human rp cDNA of the 
invention can be isolated based on their homology to the 
human rp nucleic acid disclosed herein using the human 
cDNA, or a portion thereof, as a hybridiZation probe accord 
ing to standard hybridiZation techniques under stringent 
hybridiZation conditions. Accordingly, in another 
embodiment, an isolated nucleic acid molecule of the inven 
tion is at least 15 nucleotides in length and hybridiZes under 
stringent conditions to the nucleic acid molecule comprising 
the nucleotide sequence of SEQ ID NO:1, the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98144, or the nucleotide 
sequence of the DNA insert of the plasmid deposited With 
ATCC as Accession Number 98147. In other embodiments, 
the nucleic acid is at least 30, 50, 100, 250 or 500 nucle 
otides in length. As used herein, the term “hybridiZes under 
stringent conditions” is intended to describe conditions for 
hybridiZation and Washing under Which nucleotide 
sequences at least 60% homologous to each other typically 
remain hybridiZed to each other. Preferably, the conditions 
are such that sequences at least about 65%, more preferably 
at least about 70%, and even more preferably at least about 
75% or more homologous to each other typically remain 
hybridiZed to each other. Such stringent conditions are 
knoWn to those skilled in the art and can be found in Current 
Protocols in Molecular Biology, John Wiley & Sons, NY. 
(1989), 6.3.1—6.3.6. A preferred, non-limiting example of 
stringent hybridiZation conditions are hybridiZation in 6x 
sodium chloride/sodium citrate (SSC) at about 45° C., 
folloWed by one or more Washes in 0.2><SSC, 0. 1% SDS at 
50—65° C. Preferably, an isolated nucleic acid molecule of 
the invention that hybridiZes under stringent conditions to 
the sequence of SEQ ID NO:1 corresponds to a naturally 
occurring nucleic acid molecule. As used herein, a 
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“naturally-occurring” nucleic acid molecule refers to an 
RNA or DNA molecule having a nucleotide sequence that 
occurs in nature (e.g., encodes a natural protein). In one 
embodiment, the nucleic acid encodes a natural human rp. 

In addition to naturally-occurring allelic variants of the rp 
sequence that may exist in the population, the skilled artisan 
Will further appreciate that changes can be introduced by 
mutation into the nucleotide sequence of SEQ ID NO:1, 
thereby leading to changes in the amino acid sequence of the 
encoded rp polypeptide, Without altering the functional 
ability of the rp polypeptide. For example, nucleotide sub 
stitutions leading to amino acid substitutions at “non 
essential” amino acid residues can be made in the sequence 
of SEQ ID NO:1. A “inon-essential” amino acid residue is 
a residue that can be altered from the Wild-type sequence of 
rp (e.g., the sequence of SEQ ID NO:2) Without altering the 
activity of rp, Whereas an “essential” amino acid residue is 
required for rp activity. For example, conserved amino acid 
residues in the C-terminal portion of the rp are most likely 
important for function and are thus essential residues of rp. 
Other amino acid residues, hoWever, (e.g., those that are not 
conserved or only semi-conserved) may not be essential for 
activity and thus are likely to be amenable to alteration 
Without altering rp activity. 

Accordingly, another aspect of the invention pertains to 
nucleic acid molecules encoding rp polypeptides that con 
tain changes in amino acid residues that are not essential for 
rp activity. Such rp polypeptides differ in amino acid 
sequence from SEQ ID NO:2 yet retain at least one of the rp 
activities described herein. In one embodiment, the isolated 
nucleic acid molecule comprises a nucleotide sequence 
encoding a polypeptide, Wherein the polypeptide comprises 
an amino acid sequence at least about 50% or more homolo 
gous to the amino acid sequence of SEQ ID NO:2 and is 
capable of modulating a sensory function, a function asso 
ciated With body Weight, and/or a metabolic function. 
Preferably, the polypeptide encoded by the nucleic acid 
molecule is at least about 60—65%, preferably at least about 
70—75%, more preferably at least about 80—85%, and even 
more preferably at least about 90—95% or more homologous 
to the entire amino acid sequence of SEQ ID NO:2, the 
amino acid sequence encoded by the nucleotide sequence of 
the DNA insert of the plasmid deposited With ATCC as 
Accession Number 98144, or the amino acid sequence 
encoded by the nucleotide sequence of the DNA insert of the 
plasmid deposited With AT CC as Accession Number 98147. 

To determine the percent homology of tWo amino acid 
sequences (e.g., SEQ ID NO:2 and a mutant form thereof) 
or of tWo nucleic acids (e.g., SEQ ID NO:1 and a mutant 
form thereof), the sequences are aligned for optimal com 
parison purposes (e.g., gaps can be introduced in the 
sequence of one protein or nucleic acid for optimal align 
ment With the other protein or nucleic acid). The amino acid 
residues or nucleotides at corresponding amino acid posi 
tions or nucleotide positions are then compared. When a 
position in one sequence (e.g., SEQ ID NO:2) is occupied by 
the same amino acid residue or nucleotide as the correspond 
ing position in the other sequence (e. g., a mutant form of rp), 
then the molecules are homologous at that position (i.e., as 
used herein amino acid or nucleic acid “homology” is 
equivalent to amino acid or nucleic acid “identity”). The 
percent homology betWeen the tWo sequences is a function 
of the number of identical positions shared by the sequences 
(i.e., % homology=# of identical positions/total# of 
positions><100). 
An isolated nucleic acid molecule encoding an rp 

polypeptide homologous to the protein of SEQ ID NO:2 can 
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be created by introducing one or more nucleotide 
substitutions, additions or deletions into the nucleotide 
sequence of SEQ ID NO:1 such that one or more amino acid 
substitutions, additions or deletions are introduced into the 
encoded protein. Mutations can be introduced into SEQ ID 
NO:1 by standard techniques, such as site-directed mutagen 
esis and PCR-mediated mutagenesis. Preferably, conserva 
tive amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A“conservative 
amino acid substitution” is one in Which the amino acid 
residue is replaced With an amino acid residue having a 
similar side chain. Families of amino acid residues having 
similar side chains have been de?ned in the art. These 
families include amino acids With basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic 
acid, glutamic acid), uncharged polar side chains (e.g., 
glycine, asparagine, glutamine, serine, threonine, tyrosine, 
cysteine), nonpolar side chains (e.g., alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophan), 
beta-branched side chains (e.g., threonine, valine, 
isoleucine) and aromatic side chains (e.g., tyrosine, 
phenylalanine, tryptophan, histidine). Thus, a predicted non 
essential amino acid residue in rp is preferably replaced With 
another amino acid residue from the same side chain family. 
Alternatively, in another embodiment, mutations can be 
introduced randomly along all or part of an rp coding 
sequence, such as by saturation mutagenesis, and the result 
ant mutants can be screened for an rp activity described 
herein to identify mutants that retain rp activity. FolloWing 
mutagenesis of SEQ ID NO:1, the encoded polypeptide can 
be expressed recombinantly (e.g., as described in Example 
5) and the activity of the protein can be determined using, for 
example, assays described herein. 

In addition to the nucleic acid molecules encoding rp 
polypeptides described above, another aspect of the inven 
tion pertains to isolated nucleic acid molecules Which are 
antisense thereto. An “antisense” nucleic acid comprises a 
nucleotide sequence Which is complementary to a “sense” 
nucleic acid encoding a protein, e.g., complementary to the 
coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. Accordingly, an 
antisense nucleic acid can hydrogen bond to a sense nucleic 
acid. The antisense nucleic acid can be complementary to an 
entire rp coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense 
to a “coding region” of the coding strand of a nucleotide 
sequence encoding rp. The term “coding region” refers to 
the region of the nucleotide sequence comprising codons 
Which are translated into amino acid residues (e. g., the entire 
coding region of SEQ ID NO:1 comprises nucleotides 569 
to 1615). In another embodiment, the antisense nucleic acid 
molecule is antisense to a “noncoding region” of the coding 
strand of a nucleotide sequence encoding rp. The term 
“noncoding region” refers to 5 ‘ and 3‘ sequences Which ?ank 
the coding region that are not translated into amino acids 
(i.e., also referred to as 5‘ and 3‘ untranslated regions). 

Given the coding strand sequences encoding rp disclosed 
herein (e.g., SEQ ID NO:1), antisense nucleic acids of the 
invention can be designed according to the rules of Watson 
and Crick base pairing. The antisense nucleic acid molecule 
can be complementary to the entire coding region of rp 
mRNA, but more preferably is an oligonucleotide Which is 
antisense to only a portion of the coding or noncoding region 
of rp mRNA. For example, the antisense oligonucleotide can 
be complementary to the region surrounding the translation 
start site of rp mRNA. An antisense oligonucleotide can be, 
for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 








































































